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AIR BLAST DATA FOR CORRELATION WITH MOVING AIRFOIL TESTS

ABSTRACT

In this note, the author presents air blast data in a form wkich
allows prediction of a number of "free-field" air blast parameters
during the interaction of a blast wave with a moving target. Thne data
are based on sources of compiled blast measurements and on theory of

blast waves generated by explosives, and are presented graphically on
large-scale plots.



NOMENCLATURE
W effective free-air weight of Pentolite, lb.
R distance from charge center, ft.
2 = RAD scalea atstence, £t/16/>
t arrival time, ms
At positive duration of overpressure, ms.
A Brode's dimensionless distance
3 Rrode's dimensionless time
D Brode's positive duration of overpressure
U shock velocity, ft/sec.
u particle velocity, ft/sec.

c sound velocity, ft/sec.

] peak side-on overpressure, psi.

P ambient pressure, psi

N

dimensionless sound velocity, c°/1086 or c°/1139

L 1]

dimensionless ambient pressure, po/lk.7.
p, aablent density, 1b/f1;5
T ambient temperature, %

a charge radius, ft.




INTRODUCTICN

In correlating data from experiments cn the interaction of blast
waves from conventional explosives with moving airfoils, one must know
the characteristics of the incident blast wave with reasonable accuracy.
w1tmerl* has discussed in considerable detail the quantities which must
be known. These include the following parameters:

(1) shock-front parameters

(a) overpressure

(b) particle velocity
(c) density

(d) arrival time

(2) time histories

(a) overpressure
(b) particle velocity
f¢c) density

The time histories should describe the variation with time of the blast

parameters along the trajectory of the moving airfoil, rather than at
fixed points in space.

In this note, we will discuss the manner in which air blast
measurements, compiled data on air blast, and theories of air blast
transmission can be used to give predictions of the required blast

parameters, and will present large-scale curves of the blast parameters.

AIR BLAST MEASUREMENTS DURING AIRFOIL TESTS

During current experiments on blast loading of moving airfoils,
some of the blast wave parameters have been measured directly with
fixed, ground-mounted equipment. The blact source consists of blocks
of TNT, stacked in roughly hemispherical form, on wooden tables a short
distance** above a steel reflector plate. The data obtained include

* Superscript numbers denote references at end of note.

** At scaled heights of < 0.3 ft/lbl/ 3
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arrival time and the time histories of overpressure at several locations
in the vicinity of the airfoil and, for charges 2000 1b. in weight,
time histories of overpressure at a number of additiornel locations about
the explosive charge. Frowm the measurements i.one of the desired shock-
front or time histories desired can be de’erained directly, but an
effective free-air weight of explosive can be estimated by couparing
the peak overpressures and durations of overpressure (or positive
izpulses) with sources of compiled data on conventional explosives.

AIR BLAST PROPERTIES INFERRED FROM COMPILED DATA

We will in this note base predictions of air blast parameters
which can be inferred from experiment on & recent compilation of
Goodnan2 of free-air data on bare spherical Pentolite. As mentioned
in the previous section, the effects of change of type of explosive
and of ground reflection can be accounted for by comparing measured
overpressures and durations at various distances with the smoothed
curves in Goodman's report and estimating an equivalent weight of Pentolite
detonated iu free a’r. For planning of experiments, one can assume that
1.1 1b, TRT 21 1b. Pentolite, and that the weight of Pentolite in free
alr is cquivalent to 1.8 times the weight on the ground.

Goodman presente compiled experimental data on peak overpressure
and duration of overpressure, and also infers arrival time from the
measured values. R. Shear and B. D. Day5 have computed other shock-
front properties as functions of overpressure using the Rankine-Hugoniot
equations. Using Goodman's curve of overpressure versus scaled distance,
cne can then generate corresponding curves of peak particle velocity
a~d peak shock velocity. All of these quantities are plotted in
Figure 1 to a scale large enough to allow reading to three significant
figures. The overpressures range from 0.6 psi to 100 pei, which should
encompass values likely to be encountered in tests of airfoils.*

¥ Yor these curves, sound velocity is assumed to be that for 14.7 psi
" pressure and 300 K temperature, i.e., c_ = 1139 rt/sec.
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From Figure 1, all of the desired shock-front parameters can be
determined, as well as the duration of overpressure. But we must rely
on predictions from theories of blast wave propagation for estimates of
the time histories of density and particle velocity, since alaost no
reliable measurements of these quantities have been made.

AIR BLAST PROPERTIES INRFERRED FROM THEORY

-

Of the availal'le theoretical solutions of blast waves in air, the
main work which is carried into the negative phase of the blast wave is
that of H. L. Brode."”5’6 Although there are discrepancies in his work
vhich we will mention later, we will use his solution. We will attempt
to correlate his calculations for blast waves from TNT, given in references
5 and 6, with our compiled data for Pentolite, and then present large-
scale plots of his results which will yield time histories of overpressure,

density and particle velocity.

e
By trisl and error, R. Shear of these Laboratories has fitted

Goodman's smoothed curve2 of measured overpressure for Pentolite to
Brode's computed curve for the same blast narameter for TNT. This
couversion was achieved by assuming that Brode's dimensionless distance
) could be converted to Goodman's scaled distance in charge radii,
R/ao, by multiplying by the constant 79.5, i.e.

R/ao £ T T W ¢ )|

This conversion also ylelds
/
2« RAYD < 100820 et/ 0 L L L. (2)
and

t/wl/3 = 9.85 7 ms/lbl/j. 5> 6006000000000 (3)*

# Symbol t here denotes any -,last parameter with dimensions of time,
such as arrival time, duration of overpressure, etc.
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Figure 2 shows graphically the agreement between Goodman's experimental
curve of peax overpressure and Brode's theoretical one, using the above
conversion. The author hae also used this conversion to compare
Goodwan's data on arrival time and positive duration of overpressure
vith Brode’'s computations of these parameters, and presents these
comparisons in Figures 3 and 4. We see from Figures 2 and 3 that peak
cverpressures and arrival times are in excellent agreement, and from
Figure 4 that cverpressure duration agrees reasonably well for small
scaled distances, with Brode's computed values falling belcw the
experimental ones at larger scaled distances.

Although the disagreement in duration is not significant because
of the large scatter in experimental data, other bits of evidence
indicate that Brode's theory predicts durations of both overpressure
and particle velocity which are tco small. Baker, et 517, have shown
that the predicted response of heams to blast loading whose duration
is inferred from Brode's theory is scmewhat less than measured : 2sponse.
John M, Dewey8 has shown that durations of particle velocity measured
during detonation of large explosive charges are about 1.5 times
Brode's predictions over & considerable range of scaled distance.
Brode's calculations also lack internal consistency often yielding
values of the seme parameter read from different curves which differ
by more than 10%.

Iu spite of the apparent discrepancies noted above, we will use
Brode's computations to predict the time histories of overpressure,
particle velocit;, and density. Use of the conversion factor given
by equations 1 thrrigh 3 will assure reasonably good agreement with
the shock-front parameters given by Figure 1. After conversion,
Brode's space-time plots of the three parameters mentioned above,

»
given in reference 6, are reproduced here as Figures 5, 6 and T .

* rode's calculations, ambient conditions are assumed to be

In
p_ = 14.71 psi and Tp = 273 Og, giving sound velocity c _ = 1086 ft/sec.
ald density p_ = 0.086L 1b/ft”.

Po
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The plots are terminated at times corresponding to arrival of the
second shock. Time histories of another blast parameter, the dynamic
pressure, were also desiredl, but have been omitted from this note
because Brode did not include them in his computations for TNT.

APPLICATION OF BLAST DATA

The data presented in Figures 1, 5, 6 and 7 yleld predictions
of blast waves generated by explosives detonated under sea level
ambient conditions. Variations of ambient conditions can easily be
accounted for by applying Sach's scallng laws9 to these data, in
the menner indicated by Hitmerl. This is done by replacing scaled
distance Z = R/wl/5 by the paranster R(ﬁ/w)1/5, and scaled time
t/Hl/5 by the parameter t E(i/w)l 5. The overpressure is then given
by Ps/p.

Let us briefly describe how to use the data given here. From
blast measurements in the field, one first establishes an effective
weight of Pentolite. This is done by comparing peak overpressures,
arrival times, and durations of overpressure measured at known
distances from the explosive with the data of Figure 1 (using Sachs'
scaling parameters given above). From this effective weight, the
shock front parameters at the location of the moving airfoil are then
estimated from Figure 1. The trajectory of the sled, measured during
the airfoil test, is plotted on Figures S5, 6 and 7. Time histories
of overpressure, particle velocity and density can then be synthesized

ty plotting the intercepts of the trajectory with the lines of constant

values of these parameters.

DISCUSSION

The data and methods of applying them which are described in this
note should yleld as accurate predictions of the time histories of the
various blast parameters as one can expect from the present state of
knowledge. Because the shock front parameters in Figure 1 are based
on many experimentes, or are inferred from experiment by the simple

11




FIGRE la

COMPILED FREE-AIR BLAST DATA
ON BARE 3PHERICAL PENTOLITE

LEGEND FOR FIRIRE 1b:

P, = peak side-cn overpressure, psi

4t = positive duration of overprest ire, ms
4 ghock arrival time, ms

~ peak particle velocity, ft/sec

= scaled distance, f“l;/lbl/3

distance, ft

= weight of Pentolite, 1b

= ghock velocity, ft/sec

C X W o E
L}

NOTE: Source of Py, At, t is BERL 10925 u 1is computed fram P,
using Rankine-Hugoniot Equations, as is U.
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Rankine-Hugoniot relationships, they shculd yleld predictions azcurate
to within a few percent. The time histeries were inferved from Brode's
theory for lack of experimental data, and are very likely much less
accurate, with the error increasing with increasing time after shock
arrival. The durations of positive overpressure and of positive

flow velocity may be as low as two-thirds of the true values fcr
weak incident blasts.

O\V : Q quaz‘d-v\/

W. E. BAKER
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